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(54) IMPROVING BATTERY LIFE DURING BLUETOOTH DEVICE LOCALIZATION

(57) Various embodiments herein disclose improv-
ing battery life while determining a location of a Bluetooth
device. A corresponding method comprises receiving an
identifier for a Bluetooth Low Energy (BLE) device to lo-
cate in an environment comprising a plurality of access
points (APs). The method further comprises identifying
a first AP of the plurality of APs communicating with the
BLE device at a first power level. The method also com-
prises instructing, using the first AP, the BLE device to
increase a transmission power level of the BLE device
until a threshold number of APs of the plurality of APs,
including the first AP, receive communications from the
BLE device. The method additionally comprises receiv-
ing an RSSI value from each of the threshold number of
APs based on the communications from the BLE device.
The method also comprises computing a location of the
BLE device in the environment based on the RSSI values.
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Description

TECHNICAL FIELD

[0001] Embodiments presented in this disclosure gen-
erally relate to identifying and tracking locations of elec-
tronic devices. More specifically, embodiments disclosed
herein relate to locating electronic devices that commu-
nicate via Bluetooth communication protocols.

BACKGROUND

[0002] Many mobile electronic devices, such as Blue-
tooth Low Energy (BLE) devices, are battery-powered
wireless devices. Such devices may often be used as
beacons to identify locations of items. For example, a
BLE device can be embedded in or be part of an item
(such as a crate, pallet, or the like) or be used to track
the location of the item during transportation between
facilities, storage within a facility, and so forth. To enable
such location identification and tracking capabilities, the
BLE device transmits periodic advertisements indicating
its location at the time the advertisement is transmitted
at a specified period and power level to receiving devices,
such as other BLE devices, access points (APs), or the
like. In some embodiments, to enable triangulation, tri-
lateration, or the like, to identify the location of the BLE
device when the BLE device transmitted the advertise-
ment, the advertisement should be received by multiple
APs. Such periodic advertisement transmissions at pow-
er levels sufficient to enable multiple APs to receive the
periodic advertisements from the BLE device may utilize
a large amount of power relative to the power capabilities
of the battery-powered BLE device. For example, trans-
mitting advertisements at a sufficient power level to en-
able multiple APs to receive the advertisements can ex-
pend the battery of the BLE device too quickly and create
interference in an environment, which is generally unde-
sirable.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] So that the manner in which the above-recited
features of the present disclosure can be understood in
detail, a more particular description of the disclosure,
briefly summarized above, may be had by reference to
embodiments, some of which are illustrated in the ap-
pended drawings. It is to be noted, however, that the
appended drawings illustrate typical embodiments and
are therefore not to be considered limiting; other equally
effective embodiments are contemplated.

Figure 1 depicts an example embodiment of a loca-
tion system that identifies a location of a Bluetooth
Low Energy (BLE) device based on one or more ad-
vertisements transmitted by the BLE device and re-
ceived by a number of access points (APs).

Figure 2 depicts an example embodiment of a loca-
tion system where a BLE device broadcasts adver-
tisements at a first power level to one or more neigh-
boring APs managed by a controller.

Figure 3 depicts another example embodiment of
the location system of Figure 2, where the BLE de-
vice broadcasts advertisements to a plurality of APs
at different power levels at which the BLE device
transmits.

Figure 4 depicts another example embodiment of
the location system of Figure 2, where the BLE de-
vice broadcasts advertisements to four APs of the
location system.

Figure 5 depicts a communication flow diagram be-
tween components of the location system of Figure
2 and the BLE device that enables a controller to
identify the location of the BLE device, according to
an embodiment described herein.

Figure 6 depicts a flow chart of the process for in-
crementally increasing the transmission power level
of the BLE device until the threshold number of APs
of the location system of Figure 2 receives the peri-
odic advertisement to enable the controller to deter-
mine the location of the BLE device.

Figure 7 is a flowchart of a method for locating a BLE
device by varying a transmission power level of the
BLE device when broadcasting advertisements, ac-
cording to aspects described herein.

[0004] To facilitate understanding, identical reference
numerals have been used, where possible, to designate
identical elements that are common to the figures. It is
contemplated that elements disclosed in one embodi-
ment may be beneficially used in other embodiments
without specific recitation.

DESCRIPTION OF EXAMPLE EMBODIMENTS

OVERVIEW

[0005] Various embodiments disclosed herein include
apparatuses, systems, devices, and methods for identi-
fying, tracking, and/or monitoring a location of an elec-
tronic device, such as a Bluetooth Low Energy (BLE)
beacon device. A method comprises, receiving an iden-
tifier for a BLE device to locate in an environment com-
prising a plurality of access points (APs). The method
further comprises identifying a first AP of the plurality of
APs that is communicating with the BLE device at a first
power level. The first AP may be communicating with the
BLE device to configure the BLE device for communica-
tions with the plurality of APs, and so forth. The method
additionally comprises instructing, using the first AP, the
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BLE device to increase a transmission power level at
which the BLE broadcasts one or more advertisements
until a threshold number of APs of the plurality of APs
receive the broadcast one or more advertisements from
the BLE device at or with a minimum received signal
strength indicator (RSSI) value, as measured at each
receiving AP. The threshold number of APs includes the
first AP. The method also comprises receiving an RSSI
value as measured by each of the threshold number of
APs for the advertisements from the BLE device from
each of the threshold number of APs. Based on these
received RSSI values, the method comprises computing
the location of the BLE device in the environment based
on the RSSI values, or similar values.
[0006] In accordance with some embodiments, a wire-
less controller comprises one or more processors and a
memory storing instructions that, when executed by the
one or more processors, cause the wireless controller to
perform a method of locating a BLE device. In accord-
ance with some embodiments, a non-transitory computer
readable storage medium has stored therein instructions,
which, when executed by one or more processors of a
wireless controller, cause the wireless controller to per-
form or cause performance of any of the methods de-
scribed herein. In accordance with some embodiments,
a wireless controller includes: a communication inter-
face, one or more processors, and a non-transitory mem-
ory for performing or causing performance of any of the
methods described herein.

EXAMPLE EMBODIMENTS

[0007] Battery-powered wireless devices, such as BLE
devices or tags (referred to herein as BLE devices), may
be used for various purposes, such as sensor telemetry,
asset tracking, people tracking, and the like. In some em-
bodiments, the BLE device corresponds to an Internet of
Things (loT) device. To accomplish such purposes, the
BLE devices broadcast periodic or event-driven adver-
tisements that contain, for example, device identifying
data or data measured by one or more sensors onboard
the BLE device. Because these BLE devices are battery-
powered, they can be mobile and have increased poten-
tial use cases as compared to corresponding wired de-
vices. However, one factor influencing a battery life of
such BLE devices is a transmission power level and fre-
quency of the BLE device. For example, a BLE card-type
device that transmits advertisements every second at -12
decibels per milliwatt (dBm) or less and that is powered
by two coin-cell batteries can last for approximately 2
years. On the other hand, the same BLE card-type device
that transmits the advertisements every second at 4dBm
or more may last for only approximately 9 months. Thus,
relatively minor changes in the transmission power level
of the BLE device can drastically impact the battery life
of the BLE device, which can influence maintenance
costs associated with the BLE device.
[0008] Furthermore, an example wireless communica-

tion system comprising a controller and a plurality of APs
may identify the location of the BLE device using trilat-
eration, triangulation, or the like, based on corresponding
measurements of the RSSI of the advertisements (or oth-
er aspects of the advertisements) received at or by the
APs. Based on such methodologies, a location accuracy
of the identified location for the BLE device is related to
the RSSI (or other aspects) for the advertisement re-
ceived from the BLE device at the AP, such that the higher
the RSSI for the advertisement received at the APs, the
greater the location accuracy of the location of the BLE
device in the environment, and so forth. Where the RSSI
is a measure of the signal strength of the corresponding
advertisement, a higher RSSI measured at the AP cor-
responds to a higher transmit power level at the BLE
device. However, the higher transmit power level at the
BLE device, the faster the BLE device battery(ies) drains.
Thus, the BLE location accuracy and the BLE device bat-
tery life are relatively inversely related. Furthermore, be-
cause the environment in which the BLE device will likely
be used is often dense with a number of other wireless
devices, high transmission power levels can create in-
terference, increasing errors and worsening signal qual-
ity for other BLE devices in the environment.
[0009] One embodiment presented in this disclosure
that cures, or at least mitigates, the deficiency of the ex-
ample wireless communication system introduced above
outlines a method of locating a BLE device, as introduced
above, in communication with a first AP of the wireless
communication system introduced above. The first AP
may communicate with the BLE device while the BLE
device is configuring itself to communicate with the wire-
less communication system. As part of this configuration,
the first AP may instruct the BLE device to communicate
at a particular initial or minimum transmission power lev-
el, for example, for advertisement transmissions. The
method of locating the BLE device may comprise instruct-
ing the BLE device, via the first AP, to increase its trans-
mission power from the initial transmission power level
until a threshold number of APs receive the advertise-
ment transmitted by the BLE device. Once the threshold
number of APs receive the BLE device’s transmitted ad-
vertisement, these APs can provide received signal in-
formation (for example, RSSI measurements, timing
measurements, and the like) to the controller for a deter-
mination of a location of the BLE device.
[0010] More specifically, in such an embodiment, the
controller identifies the BLE device to locate and identi-
fies the first AP that is communicating with the BLE device
to locate. This first AP communicating with the BLE de-
vice may be the AP that the BLE device connected to for
configuration and similar purposes. The controller may
identify the initial or first transmission power level of the
BLE device based on reports from the first AP, such as
reported RSSI values for advertisement transmissions
received from the BLE device by the first AP. The con-
troller also identifies whether additional APs are receiving
the advertisement transmissions from the BLE device
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once the BLE device starts broadcasting advertisements
and similar messages based on which the location of the
BLE device can be determined.
[0011] Where the controller determines that only the
first AP is communicating with or receiving advertise-
ments broadcast by the BLE device, the controller re-
quests the first AP to instruct the BLE device to incre-
mentally increase a transmission power of the BLE de-
vice until a threshold number of APs (such as 3 or 4 total
APs) are able to receive one or more advertisements
broadcast by the BLE device. Each of the threshold
number of APs then communicates corresponding RSSI
values (or corresponding measurements) for one or more
advertisements received from the BLE device to the con-
troller. The controller can then identify the location of the
BLE device, for example, based on the RSSI values re-
ported by each AP. In some embodiments, other param-
eters associated with the received one or more adver-
tisements can be used to identify the location of the BLE
device. Furthermore, the location of the BLE device may
be identified with respect or relative to one or more of the
APs that received the one or more advertisements broad-
cast by the BLE device. In some embodiments, the
threshold number of APs varies based on the method of
location determination used to identify the location of the
BLE device. In some embodiments, where a previous
location for the BLE device is known, the previous loca-
tion and a time between when the previous location was
determined and a current time can be used in determining
the current location of the BLE device.
[0012] In one use case, the BLE device is configured
to transmit telemetry data at an optimal transmission
power selected such that at least the first AP receives
transmissions from the BLE device.
[0013] In another use case, the BLE device provides
localization and tracking information with an updated op-
timal transmission power selected such that a sufficient
number of APs measure RSSI values for the transmis-
sion from the BLE device, and where the measured RSSI
values meet or exceed a minimum RSSI threshold. Be-
cause APs in an environment are often deployed in a grid
pattern, the minimum number of APs that receive trans-
missions from the BLE devices at acceptable or the
threshold RSSI values (as measured by the APs) to de-
termine the location of the BLE devices may be three or
four (for example, in trilateration or triangulation methods
of location determination). Where the RSSI value meas-
ured at a first AP of the minimum number of APs is not
good, the BLE device is instructed to increase its trans-
mission power to improve the RSSI value at the first AP.
In some embodiments, the minimum transmission signal
power for the BLE device is -75dBm. In some embodi-
ments, a variance of the minimum transmission signal
power is relatively small, such that the standard deviation
of the transmission signal power is 7dBm.
[0014] While the example embodiments described
herein relate to BLE devices, similar methodologies can
be applied to other battery-powered wireless communi-

cation devices, regardless of the communication protocol
employed by the battery-powered wireless communica-
tion device. In some embodiments, the BLE device(s),
the AP(s), the loT device(s), and the controller described
herein comprise a processor and memory and the like.
[0015] Figure 1 depicts an example embodiment of a
location system 100, managed by a controller circuit
(controller) 102, which identifies a location of the BLE
device 104 based on one or more advertisements trans-
mitted by the BLE device 104 and received by a plurality
of the APs 106. The location system 100 includes a con-
troller 102 in communication with the APs 106. In some
embodiments, the controller 102 (e.g., a wireless con-
troller such as a wireless local area network (WLAN) con-
troller) manages communications for a plurality of APs
106, such as the APs 106a-106i.
[0016] As shown in Figure 1, the BLE device 104 op-
erates with a transmission power level that enables the
BLE device 104 to communicate with all devices within
an area 108. Thus, when the BLE device 104 transmits
an advertisement, all of the APs 106a-106h receive the
advertisement with different signal strength values, such
as different RSSI values. In some embodiments, as in-
troduced above, where the BLE device 104 operates with
the single transmission power level, the advertisement
(and other) transmissions by the BLE device 104 may
create interference for other BLE and wireless devices
in the area 108. Similarly, other BLE and wireless devices
in the area 108 can create interference for the BLE device
104 and the APs 106. Furthermore, because the trans-
mission by the BLE device 104 is operating at a high
enough transmission power level to broadcast to the area
108, the battery of the BLE device 104 may be drained
more quickly than if the BLE device 104 transmitted the
advertisements at a lower power level, for example,
where the area 108 would be smaller than as shown in
Figure 1.
[0017] In the system 100, the BLE device 104 is shown
communicating with the AP 104a at communication 110a
to obtain configuration information for the system 100.
However, because the BLE device 104 communicates
at a single transmission power level, all of the APs 106b-
106h also receive communications 110b-h that corre-
spond to the communication 110a. Where the APs 106b-
106h do not need to receive the configuration communi-
cations 110b-110h, these communications create inter-
ference for the APs 106b-106h and other wireless devic-
es communicating in the area 108.
[0018] Figure 2 depicts an example embodiment of a
location system 200 where a BLE device 204 broadcasts
communications or advertisements 110 at a first power
level to one or more neighboring APs 206 managed by
a controller 202.
[0019] The APs 206 may correspond to the APs 106
and the controller 202 corresponds to the controller 102.
In some embodiments, the BLE device 204 may commu-
nicate with the AP 206a (or any other AP 206 of the lo-
cation system 200) to register or configure the BLE device
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204 for location tracking, communication, or the like, for
example, at communication 210a, corresponding to com-
munication 110a. In some embodiments, registering the
BLE device 204 may occur at a predetermined transmis-
sion power level established, for example, at manufac-
ture of the BLE device 204, identified in a beacon or other
communication received by the BLE device 204 from the
AP 206a, and the like. For example, the BLE device 204
identifies the existence of the location system 200 via a
beacon transmitted by one or more of the APs 206. The
BLE device 204 may identify in the transmitted beacon
information that enables the BLE device 204 to register
with the location system 200, including a requested trans-
mission power level for the BLE device 204 to use during
the registration at the communication 210a, and so forth.
[0020] In this example, the requested transmission
power level for the BLE device 204 results in only the AP
206a being able to communicate with the BLE device
204. In some embodiments, the requested transmission
power level may be low enough such that the BLE device
204 will only be able to communicate with a single AP
206 regardless of the location of the BLE device 204 rel-
ative to the APs 206. In some embodiments, the request-
ed transmission power level may allow the BLE device
204 to communicate with a plurality of APs 206 depend-
ent on the location of the BLE device 204 relative to the
APs 206. The BLE device 204 may transmit with a trans-
mission power level such that APs 206 within an area
defined by area 208 receive transmissions from the BLE
device 204. Thus, as shown in Figure 2, the BLE device
204 transmits with a transmission power level such that
only the AP 206a can receive transmissions from the BLE
device 204 as the only AP 206 within the area 208. The
remaining APs 206b-206i are unable to receive trans-
missions from the BLE device 204 transmitted at the
transmission power level associated with the area 208.
In some embodiments, the BLE device 204 may convey
telemetry data regarding the BLE device 204 to the AP
206a. The telemetry data may comprise data about the
communications capabilities and components of the BLE
device 204. By using this reduced power level, the BLE
device 204 can improve its battery life while still main-
taining communications with the location system 200.
[0021] In some embodiments, each BLE device 204
transmits advertisements including an identifier for the
BLE device 204. The identifier for the BLE device 204
may be unique to that BLE device 204, such as a wireless
ID, a name, an address, a last identified location, and the
like. The AP 206a may report the identifier for the BLE
device 204 to the controller 202. In some embodiments,
the AP 206a also reports an RSSI value measured for
the advertisement received from the BLE device 204 to
the controller 202. In this way, the controller 202 can track
which BLE devices 204 are within an area or environment
in which the controller 202 and the APs 206 can identify
or determine corresponding locations.
[0022] In certain embodiments, the controller 202 may
receive a request, for example, from a user, to identify a

location of a given product or item. For example, the con-
troller 202 may receive an identifier for the BLE device
204 from the user. The controller 202 may determine
that, based on the transmission power level at which the
BLE device 204 is currently transmitting, an insufficient
number of APs 206 receive advertisements broadcast
by the BLE device 204 to determine the location for the
BLE device 204. For example, the controller 202 may
know that only the AP 206a receives the advertisements
broadcast by the BLE device 204 based on the RSSI
value reported by the AP 206a to the controller 202 for
the advertisements received from the BLE device 204 or
based on no other APs 206 reporting receipt of corre-
sponding advertisements from the BLE device 204.
[0023] Where the controller 202 determines that insuf-
ficient APs 206 receive advertisements from the BLE de-
vice 204 for which the controller 202 received the request
to determine the location, the controller 202 may work
with the AP 206a communicating with the BLE device
204 to improve conditions. For example, the controller
202 may cause the AP 206a to instruct the BLE device
204 to incrementally increase its transmission power lev-
el until a sufficient number of APs 206 receive the adver-
tisements from the BLE device 204. The sufficient
number of APs 206 may correspond to the minimum
number of APs 206 needed to determine the location of
the BLE device 204 using a particular method. In certain
embodiments, the minimum number of APs 206 used to
determine the location of the BLE device 204 is three
using, for example, triangulation or trilateration. In some
embodiments utilizing trilateration, the minimum number
of APs 206 is four.
[0024] In some embodiments, the incremental in-
crease in the transmission power level of the BLE device
204 transmitting the advertisements comprises incre-
menting the transmission power level by a fixed amount,
a variable amount, an exponential amount, or the like.
As described above, the transmission power level of the
BLE device 204 is directly related to the area 208 in which
the APs 206 receive the broadcast advertisements. As
the transmission power level of the BLE device 204 in-
creases, the area 208 in which the APs 206 can receive
broadcast advertisements also increases. Thus, as the
BLE device 204 incrementally increases its transmission
power level, the area 208 in which the BLE device 204
can communicate with the APs 206 also increases, as
described in more detail below with respect to Figure 3.
[0025] Figure 3 depicts another example embodiment
of the location system 200 of Figure 2, where the BLE
device 204 broadcasts advertisements to a plurality of
APs 206 at different power levels at which the BLE device
204 transmits. The location system 200 shows different
areas 208a-208d corresponding to different transmission
power levels for the BLE device 204. Thus, the location
system 200 shows how the different transmission power
levels for the BLE device 204 can result in different APs
206 receiving the broadcast advertisements from the
BLE device 204.
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[0026] The location system 200 depicts four different
areas 208a-208d corresponding to four different trans-
mission power levels for simplicity and brevity of discus-
sion. However, more or fewer different areas 208 and
corresponding transmission power levels can exist for
the location system 200. The area 208d may be a largest
area that corresponds to a maximum transmission power
for the BLE device 204, where the area 208d is the largest
area shown with respect to the location system 200. The
area 208d may correspond to the area 108 of Figure 1,
where the BLE device 204 transmits at, for example, a
maximum power level. The area 208a depicts a minimum
area that corresponds to a minimum transmission power
for the BLE device 204. As described above, when the
BLE device 204 is transmitting at the minimum power
level, such as after registering with the AP 206a; thus,
the area 208a may correspond to the area 208 of Figure 2.
[0027] Between the maximum area 208d and the min-
imum area 208a, the location system 200 shows two ad-
ditional representative areas, 208b and 208c. With the
area 208b, the BLE device 204 transmits or broadcasts
advertisements with or at a corresponding transmission
power level. The corresponding transmission power level
may be incrementally higher than the minimum transmis-
sion power level that generates the minimum area 208a.
At the transmission power level corresponding to the area
208b, the broadcast advertisements are received by two
APs 206b and 206d in addition to the AP 204a that also
receives the broadcast advertisements at the minimum
transmission power level.
[0028] At another incrementally increased transmis-
sion power level, the BLE device 204 may broadcast ad-
vertisements to an area 208c, which is larger than the
areas 208a and 208b but smaller than the area 208d. At
this corresponding transmission power level, the BLE de-
vice 204 can broadcast its advertisements to a fourth AP
206e in addition to the AP 206a that receives advertise-
ments in the area 208a and area 208b as well as the APs
206b and 206d that receive advertisements in the area
208b.
[0029] In some embodiments, the differences between
the transmission power levels corresponding to the area
208a and 208b may be one or incremental transmission
power level increases. For example, when the controller
202 causes the AP 206a to instruct the BLE device 204
to increase its transmission power level from the mini-
mum transmission power level corresponding to the area
208a, the incremented transmission power level may cor-
respond to the area 208b. Similarly, the difference be-
tween the transmission power levels corresponding to
the areas 208b and 208c may be one or incremental
transmission power level increases, and the difference
between the transmission power levels corresponding to
the areas 208c and 208d may be one or incremental
transmission power level increases.
[0030] When the BLE device 204 is transmitting at the
transmission power level corresponding to the area 208c
where the four APs 206a, 206b, 206d, and 206e receive

advertisements broadcast by the BLE device 204, the
controller 202 receives reports from each of the APs
206a, 206b, 206d, and 206e reporting one or more pa-
rameters of the received advertisements, such as corre-
sponding RSSI values measurement by the APs 206a,
206b, 206d, and 206e, and the like. The controller 202
can use the received reports to determine the location of
the BLE device 204, which can then be provided to the
requesting user, to the BLE device 204, and so forth.
Figure 4 below shows details of the broadcast advertise-
ment received by the APs 206a, 206b, 206d, and 206e
that enables the controller 202 to determine the location
of the BLE device 204.
[0031] Figure 4 depicts another example embodiment
of the location system 200 of Figure 2, where the BLE
device 204 broadcasts advertisements to four APs 206a,
206b, 206d, and 206e of the location system 200. The
BLE device 204 communications via, for example, the
broadcast advertisements, with the APs 206a, 206b,
206d, and 206e are shown with communications 410a,
410b, 410c, and 410d, respectively. Specifically, the
communication 410a between the BLE device 204 and
the AP 206a, which may correspond to the communica-
tion 110 of Figure 1, may also or instead comprise the
advertisement broadcast by the BLE device 204 or in-
structions from the AP 206a to the BLE device 204 to
incrementally increase the transmission power level at
which the BLE device 204 broadcasts the advertise-
ments. The communication 410b exists between the BLE
device 304 and the AP 206b, where the AP 206b receives
the advertisement broadcast by the BLE device 204. The
communication 410c exists between the BLE device 204
and the AP 206d, where the AP 206d receives the ad-
vertisement broadcast by the BLE device 204. The com-
munication 410d exists between the BLE device 204 and
the AP 206e, where the AP 206e receives the advertise-
ment broadcast by the BLE device 204.
[0032] The APs 206a, 206b, 206d, and 206e may com-
municate or report receipt of the advertisements from the
BLE device 204 to the controller 202 along with details
of the receipt, such as the RSSI value measured for the
received advertisements or one or more other parame-
ters regarding the received advertisements. Where the
one or more parameters include signal strength informa-
tion, the controller 202 may use trilateration, triangula-
tion, or the like, to determine the location of the BLE de-
vice 204. Where the one or more parameters include
timing information, the controller 202 may use triangula-
tion to determine the location of the BLE device 204.
[0033] In some embodiments, the controller 202 deter-
mines the location of the BLE device 204 based on the
reports from the threshold number of APs 206 or that the
location of the BLE device 204 is no longer requested.
The controller 202 may then cause the AP 206a (or any
other AP 206b, 206d, or 206e receiving advertisements
from the BLE device 204) to instruct the BLE device 204
to incrementally or immediately reduce its transmission
power level. The BLE device 204 may be instructed to
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reduce its transmission power level back to the minimum
transmission power level (associated with the area 208a)
or another transmission power level at which the BLE
device 204 communicates with fewer APs 206 than the
threshold number of APs 206. In some embodiments,
after reducing its transmission power level, the BLE de-
vice 204 advertisements are only received by a single
AP 206. In this way, the BLE device 204 can conserve
power and create less interference for other devices
when its location is not being determined or requested.
[0034] Further details of the communications between
the APs 206 and the BLE device 204 to enable the con-
troller 202 to identify the location of the BLE device 204
are provided below with respect to Figure 5.
[0035] Figure 5 depicts a communication flow diagram
500 between components of the location system 200 of
Figure 2 and the BLE device 204 that enables the con-
troller 202 to identify the location of the BLE device 204,
according to an embodiment described herein.
[0036] The flow diagram 500 begins with communica-
tion 502, where the controller 202 receives the request
to determine or monitor the location of the BLE device
204. In some embodiments, the request is received from
a user while the BLE device 204 is moving or since the
BLE device 204 initially registered and configured with
the AP 206a. Thus, the controller 202 may communicate
with the AP 206 that most recently reported receiving the
advertisement broadcast from the BLE device 204 which
has the identifier for which the location was requested
by the user. For the discussion below, the controller 202
communicates with the AP 206a as the AP 206a in com-
munication with the BLE beacon 204.
[0037] At communication 504, the controller 202 in-
structs the AP 206a to ask the BLE device 204 to transmit
an advertisement at a first power level. In some embod-
iments, the first power level may be the power level used
to register and configure the BLE device 204 with the AP
206a. In some embodiments, the first power level may
comprise an incremented power level from the minimum
power level used to register the BLE device 204 with the
AP 206a. In some embodiments, instead of asking the
BLE device 204 to transmit the advertisement at any par-
ticular power level, the AP 206a asks the BLE device 204
to increment its transmission power level by a given
amount or to a given power level.
[0038] At communication 506, the AP 206a transmits
the instruction to the BLE device 204 to transmit the ad-
vertisement at the incremented power level.
[0039] At communication 508, the BLE device 204
transmits the advertisement at the (incrementally or oth-
erwise) increased transmission power level. Because
this transmission power level is increased over the min-
imum power level (or because the BLE device 204 has
moved since registering with the AP 206a), the adver-
tisement in the communication 508 is transmitted to the
AP 206a and the AP 206b.
[0040] At communication 510, the AP 206a reports to
the controller 202 one or more parameters of the adver-

tisement received from the BLE device 204. In some em-
bodiments, the one or more parameters may be the RSSI
value of the advertisement received by the AP, a trans-
mission power level of the advertisements, and the like.
Similarly, at communication 512, the AP 206b reports to
the controller 202 one or more parameters of the adver-
tisement it received from the BLE device 204, where the
one or more parameters correspond to the one or more
parameters reported by the AP 206a. In some embodi-
ments, the RSSI values of the advertisements received
by the AP 206a and the AP 206b are different from each
other.
[0041] At processing 514, the controller 202 identifies
the number of APs 206 that received the advertisement
from the BLE device 204 transmitted at the first power
level. If the controller 202 determines that the number of
APs 206 (here, two) is less than the threshold number of
APs 206 (for example, four), then the controller 202 may
generate an instruction to the AP 206a (or the AP 206b)
to cause the BLE device 204 to incrementally increase
its transmission power level again and then again broad-
cast the advertisement. At communication 516, the con-
troller 202 transmits the generated instruction to the AP
206a.
[0042] At communication 518, the AP 206a transmits
updated instructions to the BLE device 204, requesting
that the BLE device 204 again increment its transmission
power level and broadcast the advertisement, similar to
communication 504 above.
[0043] At communication 520, the BLE device 204
broadcasts the advertisement with the again increment-
ed transmission power level. Because this transmission
power level is increased over the previous power level
(now corresponding to the area 208b), or because the
BLE device 204 has moved since broadcasting the ad-
vertisement at communication 508, the advertisement
broadcast at communication 520 is transmitted to the AP
206a, the AP 206b, the AP 206d, and the AP 206e.
[0044] At communication 522, the AP 206a reports to
the controller 202 the one or more parameters of the ad-
vertisement received from the BLE device 204, as de-
scribed above with respect to communication 510. Sim-
ilarly, at communications 524, 526, and 528, the APs
206b, 206d, and 206e, respectively, report to the control-
ler 202 the one or more parameters of the advertisement
they received from the BLE device 205, similar to the
communication 512 described above.
[0045] At processing 530, the controller 202 identifies
the number of APs 206 that received the advertisement
from the BLE device 204 transmitted at the first power
level. If the controller 202 determines that the number of
APs 206 (here, four) is equal to or greater than the thresh-
old number of APs 206 (for example, three or four), then
the controller 202 may perform trilateration (or another
or similar processing) to determine the location of the
BLE device 204. In some embodiments, the controller
202 again determines that the number of APs 206 that
received the advertisement does not match or exceed
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the threshold or that not all of the threshold number of
APs 206 received the advertisement with the minimum
RSSI value (or other parameter). Accordingly, the con-
troller 202 may generate another instruction to the AP
206a (or another AP 206 that received the most recent
advertisement) to cause the BLE device 204 to again
incrementally increase its transmission power level and
then again broadcast the advertisement. If the transmis-
sion power level is incrementally increased, the steps
516-530 can be repeated until the number of APs 206
reporting receipt of the advertisement from the BLE de-
vice 204 (and the corresponding RSSI values) is greater
than or equal to the threshold.
[0046] At communication 532, the controller 202 may
report the location of the BLE device 204 to the requesting
user. In some embodiments, the controller 202 also re-
ports the location to the BLE device 204.
[0047] At communication 534, the controller 202 may
instruct the AP 206a (or any one of the APs 206 that
received the last advertisement broadcast by the BLE
device 204) to instruct the BLE device 204 to reduce its
transmission power (incrementally or directly) to the min-
imum transmission power level or to a predetermined
transmission power level. The AP 206a may transmit
such an instruction to the BLE device 204 at communi-
cation 536.
[0048] In some embodiments, the transmission power
used by the BLE device 204 is determined based on a
density of the APs 206 in the environment. For example,
where the AP 206 density is high, the transmission power
used by the BLE device 204 is lower than when the AP
206 density is low. Furthermore, the transmission used
by the BLE device 204 may be determined based on
where the BLE device 204 is located relative to the APs
206, such as in or as part of an edge network.
[0049] By adjusting its transmission power level based
on circumstances, environmental conditions, and the
like, the BLE device 204 can reduce its power expendi-
ture until needed. For example, since the BLE device 204
broadcasts advertisements to provide data to the APs
206, reducing the transmission power for the broadcasts
enables the BLE device 204 to save power and extend
a battery life. In some embodiments, the BLE device 204
can further increase an interval between consecutive ad-
vertising intervals, for example, from 100 milliseconds to
1 second, which can also reduce the power consumption
of the BLE device 204. In some embodiments, the BLE
device 204 receives instructions to increase or decrease
its transmission power level, for example, from another
BLE device or from an AP 206. In response to the in-
structions, the BLE device 204 transmits an acknowl-
edgement to the device that requests the increase or
decrease.
[0050] As described above, the BLE device 204 may
communicate with the AP 206a (or any other AP 206 of
the location system 200) to register or configure the BLE
device 204 for location tracking, communication, or the
like, for example, at communication 210a. In some em-

bodiments, after the BLE device 204 registers with the
AP 206a, the BLE device 204 may maintain communi-
cations at the same transmission power level as indicated
by the area 208b. Similarly, other BLE devices (not
shown) may also operate at low transmission power lev-
els such that only one or a minimal number of APs 206
are receiving broadcast transmissions from the other
BLE devices.
[0051] As shown, the requested transmission power
level for the BLE device 204 results in only the AP 206a
being able to communicate with the BLE device 204. In
some embodiments, the requested transmission power
level may be low enough such that the BLE device 204
will only be able to communicate with a single AP 206
regardless of the location of the BLE device 204 relative
to the APs 206. In some embodiments, the requested
transmission power level may allow the BLE device 204
to communicate with a plurality of APs 206 dependent
on the location of the BLE device 204 relative to the APs
206. The BLE device 204 may transmit with a transmis-
sion power level such that APs 206 within an area defined
by area 208 receive transmissions from the BLE device
204. Thus, as shown in Figure 2, the BLE device 204
transmits with a transmission power level such that only
the AP 206a can receive transmissions from the BLE
device 204 as the only AP 206 within the area 208. The
remaining APs 206b-206i are unable to receive trans-
missions from the BLE device 204 transmitted at the
transmission power level associated with the area 208.
In some embodiments, the BLE device 204 may convey
telemetry data regarding the BLE device 204 to the AP
206a. The telemetry data may comprise data about the
communications capabilities and components of the BLE
device 204, sensor data (such as temperature data, light
data, and so forth), advertisements, advertisement or
beacon profiles, or advertisement or beacon protocols,
and the like.
[0052] Figure 6 depicts a flow chart of the process 600
for incrementally increasing the transmission power level
of a BLE device until a threshold number of APs of a
location system (such as the location system 200 of Fig-
ure 2) receives the periodic advertisement to enable a
controller to determine a location of the BLE device. While
the flow chart of the process 600 and corresponding de-
scription include reference to components of the location
system 200 of Figure 2, the blocks of the process 600
are not limited to that example embodiment and may ap-
ply to various other combinations of components. Fur-
thermore, the process 600 is not required to perform each
of or only the shown blocks and is not limited to perform-
ing the indicated blocks in any particular order.
[0053] At block 602, the process 600 includes regis-
tering the BLE device with the location system via one
or more APs of the location system. In some embodi-
ments, registering the BLE device with the one or more
APs comprises receiving and responding to a beacon
transmitted by the APs of the location system. The bea-
con may indicate to the BLE device an expected or re-
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quested transmission power level for the BLE device to
set as default for use when communicating with the one
or more APs of the location system. The requested trans-
mission power level may be set to a value such that only
one or a minimal number of APs of the location system
can receive broadcasts from the BLE device when the
BLE device is located anywhere in an environment
served by the location system.
[0054] At block 604, the process 600 comprises one
of the APs of the location system receiving a broadcast
advertisement or beacon from the BLE device. In some
embodiments, the advertisement is broadcast in re-
sponse to one AP requesting the BLE device to broadcast
the advertisement to enable the location system to iden-
tify a location of the BLE device, as described herein.
Where the request to the BLE device to broadcast the
advertisement includes a requested or incremented
transmission power level, or indication to increment the
BLE device transmission power level, the BLE device
may increment its transmission power level or broadcast
the advertisement at the indicated transmission power
level. The broadcast advertisement will be received by
any AP within an area corresponding to the transmission
power level of the BLE device, as described above.
[0055] At block 606, the process 600 comprises deter-
mining whether the number of APs that receive the broad-
cast advertisement from the BLE device at block 604
meets or exceeds a threshold number of APs. In some
embodiments, the threshold number of APs is set based
on the number of APs required to receive the broadcast
advertisement to mathematically identify the location of
the BLE device (for example, three or four APs to use
trilateration or triangulation methods to identify the loca-
tion of the BLE device). In certain embodiments, the
threshold number of APs may be dynamically set or pre-
determined for all use cases. In some embodiments, de-
termining whether the threshold number of APs receive
the broadcast advertisement also comprises determining
whether the RSSI for the broadcast advertisement re-
ceived by each AP meets or exceeds a threshold RSSI.
Thus, not only will a threshold number of APs receive the
broadcast advertisement to determine the location of the
BLE device, the threshold number of APs will receive the
broadcast advertisement with at least the threshold RS-
SI. In some embodiments, the controller of the location
system performs the check of the number of receiving
APs based on reports of advertisement receipt from each
AP of the location system.
[0056] At block 608, where the number of APs receiv-
ing the advertisement (or the number of APs receiving
the advertisement with the threshold RSSI) does not
meet or exceed the corresponding threshold, the process
600 instructs the BLE device to increment its transmis-
sion power level. As introduced above, such increment-
ing can be an increment to a predetermined higher trans-
mission power level, an increment by a predetermined
amount, an increment by or to a dynamically calculated
amount, and so forth. In some embodiments, the control-

ler may generate and transmit instructions to the one or
more APs communicating (for example, receiving the
broadcast advertisement of) the BLE device to instruct
the BLE device to increment its transmission power level.
The one or more APs may then transmit corresponding
instructions to the BLE device to increment its transmis-
sion power level and rebroadcast an advertisement at
the incremented transmission power level.
[0057] In some embodiments, though not shown, the
process 600, as part of the block 606 or separately, de-
termines whether the number of APs that receive the
broadcast advertisement received with broadcast adver-
tisement with threshold parameters, such as the thresh-
old RSSI introduced herein. Where the threshold number
of APs did not receive the broadcast advertisement with
the threshold parameters, the proceeds to the block 608
as introduced.
[0058] At block 610, where the number of APs receiv-
ing the advertisement (or the number of APs receiving
the advertisement with the threshold RSSI) does meet
or exceed the corresponding threshold, the process 600
uses the reports from the number of APs receiving the
broadcast advertisements from the BLE device to deter-
mine the location of the BLE device. For example, the
reports from the APs to the controller include the RSSI
or timing data associated with the received advertise-
ments, the controller may employ trilateration or triangu-
lation or similar corresponding methods to determine the
location of the BLE device with respect to the APs, and
so forth.
[0059] At block 612, the process 600 comprises in-
structing the BLE device to decrease or reset its trans-
mission power level to a configured or preset transmis-
sion power level, for example, via decrements of the
transmission power level or an immediate reduction of
the transmission power level to the configured level. In
some embodiments, where large changes in the trans-
mission power level negatively impact interference and
other aspects or other devices in the location system, the
APs and controller instruct the BLE device to reduce the
transmission power level gradually. In some embodi-
ments, the controller may provide the location of the BLE
device to the BLE device so the BLE device can broad-
cast its location (or last calculated location) in its adver-
tisement, for example, with a time of when the location
was last calculated. In this way, the BLE device can pro-
vide its location to devices that are unable to perform the
corresponding calculations or without requiring increas-
es in power transmission levels. In some embodiments,
the controller provides the location of the BLE device to
a requesting entity, such as a user, and so forth. In some
embodiments, the blocks 604-608 of the process 600 are
repeated until the number of APs that receive the broad-
cast advertisement from the BLE device exceeds the
threshold number (and the corresponding threshold RS-
SI). Thus, the controller, APs, and BLE device work to-
gether to enable the BLE device to incrementally in-
crease its transmission power level from a low, energy
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saving transmission power level to a higher transmission
power level where the location of the BLE device can be
determined to increase a battery life of the BLE device.
By enabling just increasing and decreasing of the trans-
mission power level for the BLE device, the BLE can re-
duce transmission power until a high transmission power
level is requested, which will extend the battery life of the
BLE device because high transmission power levels re-
sult in shorter battery life.
[0060] Figure 7 is a flow chart of a method 700 for lo-
cating a BLE device via a location system, such as the
location system 200 of Figure 2, by varying a transmis-
sion power level of the BLE device when broadcasting
advertisements, according to aspects described herein.
While the flow chart of the method 700 and corresponding
description include reference to components of the loca-
tion system 200 of Figure 2, the blocks of the method
700 are not limited to that example embodiment and may
apply to various other combinations of components. Fur-
thermore, the method 700 is not required to perform each
of or only the shown blocks and is not limited to perform-
ing the indicated blocks in any particular order.
[0061] At block 702, the method 700 comprises receiv-
ing an identifier for a BLE beacon to locate in an envi-
ronment comprising a plurality of access points. In some
embodiments, the controller receives the identifier from
a requesting user or entity. In response to receiving the
identifier, the controller determine whether the identified
BLE device is communicating with the location system,
for example, by searching a database of BLE devices
communicating with the location system for the received
identifier. In some embodiments, each device communi-
cating with one or more APs of the location system has
a corresponding identifier and communicating AP iden-
tifier stored in the database. The database may be up-
dated based on the determined location of the BLE device
and the AP(s) that received the most receive broadcast
advertisement from the BLE device, and so forth.
[0062] At block 704, the method 700 comprises iden-
tifying or detecting the AP communicating with the BLE
device at a first or default transmission power level, where
the first transmission power level results in a single or a
minimum number of APs receiving advertisements from
the BLE device.
[0063] At block 706, the method 700 comprises the
controller generating instructions to the BLE device (via
the AP communicating with the BLE device) to incremen-
tally increase a transmission power level of the BLE de-
vice and rebroadcast advertisements until a threshold
number of APs receives the advertisements broadcast
by the BLE device. In some embodiments, the controller
instructs the BLE device to incrementally increase the
transmission power level until the RSSI for each of the
received advertisements meets a threshold RSSI. In
some embodiments, the BLE device goes through one
or more iterations of incrementing the transmission pow-
er level.
[0064] At block 708, the method 700 comprises the

controller transmitting the instructions to the AP(s) com-
municating with the BLE device, which transmit(s) cor-
responding instructions to the BLE device. In some em-
bodiments, the blocks 706 and 708 are repeated until the
threshold number of APs or the threshold RSSI for the
threshold number of APs is met.
[0065] At block 710, the method 700 comprises, once
the threshold number of APs or the threshold number of
APs and the threshold RSSI are met, the controller re-
ceiving the RSSI values (or corresponding timing values)
from each of the threshold number of APs to determine
the location of the BLE device.
[0066] At block 712, the method 700 comprises com-
puting the location of the BLE device by one or more of
the controller, the APs, and so forth. The controller then
reports the computed location to the requesting user, the
BLE device, the APs, or so forth.
[0067] In the current disclosure, reference is made to
various embodiments. However, the scope of the present
disclosure is not limited to specific described embodi-
ments. Instead, any combination of the described fea-
tures and elements, whether related to different embod-
iments or not, is contemplated to implement and practice
contemplated embodiments. Additionally, when ele-
ments of the embodiments are described in the form of
"at least one of A and B," it will be understood that em-
bodiments including element A exclusively, including el-
ement B exclusively, and including element A and B are
each contemplated. Furthermore, although some em-
bodiments disclosed herein may achieve advantages
over other possible solutions or over the prior art, whether
a particular advantage is achieved by a given embodi-
ment is not limiting of the scope of the present disclosure.
Thus, the aspects, features, embodiments and advan-
tages disclosed herein are merely illustrative and are not
considered elements or limitations of the appended
claims except where explicitly recited in a claim(s). Like-
wise, reference to "the invention" shall not be construed
as a generalization of any inventive subject matter dis-
closed herein and shall not be considered an element or
limitation of the appended claims except where explicitly
recited in a claim(s).
[0068] As will be appreciated by one skilled in the art,
the embodiments disclosed herein may be embodied as
a system, method or computer program product. Accord-
ingly, embodiments may take the form of an entirely hard-
ware embodiment, an entirely software embodiment (in-
cluding firmware, resident software, micro-code, etc.) or
an embodiment combining software and hardware as-
pects that may all generally be referred to herein as a
"circuit," "module" or "system." Furthermore, embodi-
ments may take the form of a computer program product
embodied in one or more computer readable medium(s)
having computer readable program code embodied ther-
eon.
[0069] Program code embodied on a computer read-
able medium may be transmitted using any appropriate
medium, including but not limited to wireless, wireline,
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optical fiber cable, radio frequency (RF), etc., or any suit-
able combination of the foregoing.
[0070] Computer program code for carrying out oper-
ations for embodiments of the present disclosure may be
written in any combination of one or more programming
languages, including an object oriented programming
language such as Java, Smalltalk, C++ or the like and
conventional procedural programming languages, such
as the "C" programming language or similar program-
ming languages. The program code may execute entirely
on the user’s computer, partly on the user’s computer,
as a stand-alone software package, partly on the user’s
computer and partly on a remote computer or entirely on
the remote computer or server. In the latter scenario, the
remote computer may be connected to the user’s com-
puter through any type of network, including a local area
network (LAN) or a wide area network (WAN), or the con-
nection may be made to an external computer (for ex-
ample, through the Internet using an Internet Service Pro-
vider).
[0071] Aspects of the present disclosure are described
herein with reference to flowchart illustrations and/or
block diagrams of methods, apparatuses (systems), and
computer program products according to embodiments
presented in this disclosure. It will be understood that
each block of the flowchart illustrations and/or block di-
agrams, and combinations of blocks in the flowchart il-
lustrations and/or block diagrams, can be implemented
by computer program instructions. These computer pro-
gram instructions may be provided to a processor of a
general purpose computer, special purpose computer,
or other programmable data processing apparatus to pro-
duce a machine, such that the instructions, which exe-
cute via the processor of the computer or other program-
mable data processing apparatus, create means for im-
plementing the functions/acts specified in the block(s) of
the flowchart illustrations and/or block diagrams.
[0072] These computer program instructions may also
be stored in a computer readable medium that can direct
a computer, other programmable data processing appa-
ratus, or other device to function in a particular manner,
such that the instructions stored in the computer readable
medium produce an article of manufacture including in-
structions which implement the function/act specified in
the block(s) of the flowchart illustrations and/or block di-
agrams.
[0073] The computer program instructions may also
be loaded onto a computer, other programmable data
processing apparatus, or other device to cause a series
of operational steps to be performed on the computer,
other programmable apparatus or other device to pro-
duce a computer implemented process such that the in-
structions which execute on the computer, other pro-
grammable data processing apparatus, or other device
provide processes for implementing the functions/acts
specified in the block(s) of the flowchart illustrations
and/or block diagrams.
[0074] The flowchart illustrations and block diagrams

in the Figures illustrate the architecture, functionality, and
operation of possible implementations of systems, meth-
ods, and computer program products according to vari-
ous embodiments. In this regard, each block in the flow-
chart illustrations or block diagrams may represent a
module, segment, or portion of code, which comprises
one or more executable instructions for implementing the
specified logical function(s). It should also be noted that,
in some alternative implementations, the functions noted
in the block may occur out of the order noted in the Fig-
ures. For example, two blocks shown in succession may,
in fact, be executed substantially concurrently, or the
blocks may sometimes be executed in the reverse order,
depending upon the functionality involved. It will also be
noted that each block of the block diagrams and/or flow-
chart illustrations, and combinations of blocks in the block
diagrams and/or flowchart illustrations, can be imple-
mented by special purpose hardware-based systems
that perform the specified functions or acts, or combina-
tions of special purpose hardware and computer instruc-
tions.
[0075] Examples of the present disclosure is outlined
in the following numbered clauses.

1. A method, comprising:

receiving an identifier for a Bluetooth Low Ener-
gy (BLE) device to locate in an environment
comprising a plurality of access points (APs);
identifying a first AP of the plurality of APs com-
municating with the BLE device at a first power
level;
instructing, using the first AP, the BLE device to
increase a transmission power level of the BLE
device until a threshold number of APs of the
plurality of APs, including the first AP, receive
communications from the BLE device;
receiving an RSSI value from each of the thresh-
old number of APs based on the communica-
tions from the BLE device; and
computing a location of the BLE device in the
environment based on the RSSI values.

2. The method of clause 1, wherein instructing the
BLE device to increase a transmission power level
comprises instructing, using the first AP, the BLE
device to increase the transmission power level of
the BLE device until:

the threshold number of APs of the plurality of
APs, including the first AP, receive the commu-
nications from the BLE device at a threshold RS-
SI value; or
the transmission power level of the BLE device
is equal to a maximum power level for the BLE
device.

3. The method of clause 2, wherein instructing the
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BLE device comprises:

generating an instruction to the BLE device to
increment the transmission power level of the
BLE device by an increment amount;
detecting a number of APs of the plurality of APs
that report receipt of the communications from
the BLE device at an incremented transmission
power level; and
comparing the incremented transmission power
level of the BLE device to the maximum power
level for the BLE device, until:

the number of APs that report receipt is
equal to or exceeds the threshold number
of APs; and
the incremented transmission power level
is equal to a maximum power level for the
BLE device.

4. The method of clause 1, wherein the threshold
number of APs is four APs.

5. The method of clause 1, wherein the RSSI value
received from each of the threshold number of APs
is measured based on a communication received by
each of the threshold number of APs transmitted by
the BLE device at the transmission power level.

6. The method of clause 1, wherein each of the RSSI
values is greater than or equal to a threshold RSSI
value.

7. The method of clause 1, further comprising iden-
tifying a maximum power level of the BLE device
based on a registration information of the BLE de-
vice.

8. The method of clause 1, wherein generating in-
structions to the BLE device comprises:

generating an instruction to the BLE device to
increase the transmission power level of the BLE
device to a predetermined transmission power
level; and
detecting a number of APs of the plurality of APs
that report receipt of the communications from
the BLE device at the predetermined transmis-
sion power level.

9. The method of clause 1, further comprising gen-
erating additional instructions to the BLE device to
reset the transmission power level to the first power
level after the location of the BLE device is computed.

10. A wireless controller, comprising one or more
processors and a memory storing instructions that,
when executed by the one or more processors,

cause the wireless controller to perform an opera-
tion, the operation comprising:

receiving a request to locate a Bluetooth low en-
ergy (BLE) device in an area;
identifying a first access point (AP) that is com-
municating with the BLE device while the BLE
device is transmitting at a first power level;
instructing, via the first AP, the BLE device to
increase a transmission power level of the BLE
device until a threshold number of APs, including
the first AP, receive communications from the
BLE device; and
computing a location of the BLE device in the
area based on the communications.

11. The wireless controller of clause 10, wherein in-
structing the BLE device to increase a transmission
power level comprises instructing, using the first AP,
the BLE device to increase the transmission power
level of the BLE device until:

the threshold number of APs, including the first
AP, receive the communications from the BLE
device at a threshold RSSI value; or
the transmission power level of the BLE device
is equal to a maximum power level for the BLE
device.

12. The wireless controller of clause 11, wherein in-
structing the BLE device comprises:

generating an instruction to the BLE device to
increment the transmission power level of the
BLE device by an increment amount;
detecting a number of APs that report receipt of
the communications from the BLE device at an
incremented transmission power level; and
comparing the incremented transmission power
level of the BLE device to the maximum power
level for the BLE device, until:

the number of APs that report receipt is
equal to or exceeds the threshold number
of APs; and
the incremented transmission power level
is equal to a maximum power level for the
BLE device.

13. The wireless controller of clause 10, wherein the
threshold number of APs is four APs.

14. The wireless controller of clause 10, wherein an
RSSI value received from each of the threshold
number of APs is measured based on a communi-
cation received by each of the threshold number of
APs transmitted by the BLE device at the transmis-
sion power level.
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15. The wireless controller of clause 14, wherein
each of the RSSI values is greater than or equal to
a threshold RSSI value.

16. The wireless controller of clause 10, further com-
prising identifying a maximum power level of the BLE
device based on a registration information of the BLE
device.

17. The wireless controller of clause 10, wherein
generating instructions to the BLE device comprises:

generating an instruction to the BLE device to
increase the transmission power level of the BLE
device to a predetermined transmission power
level; and
detecting a number of APs that report receipt of
the communications from the BLE device at the
predetermined transmission power level.

18. The wireless controller of clause 10, further com-
prising generating additional instructions to the BLE
device to reset the transmission power level to the
first power level after the location of the BLE device
is computed.

19.A Bluetooth Low Energy (BLE) device, compris-
ing one or more processors and a memory storing
instructions that, when executed by the one or more
processors, cause the BLE device to perform an op-
eration, the operation comprising:

communicating with a first access point (AP) at
a first transmission power level;
receiving an instruction from the first AP to in-
crease a transmission power level until a thresh-
old number of APs, including the first AP, receive
communications from the BLE device, wherein
the communications are used to identify a loca-
tion of the BLE device; and
increasing the transmission power level until the
threshold number of APs, including the first AP,
receive the communications from the BLE de-
vice and the location of the BLE device is iden-
tified.

20. The BLE device of clause 19, further comprising:

receiving an instruction from the one of the
threshold number of APs to incrementally de-
crease the transmission power level to the first
transmission power level; and
incrementally decreasing the transmission pow-
er level to the first transmission power level after
the location of the BLE device is computed.

[0076] In view of the foregoing, the present disclosure
is define by the following claims.

Claims

1. A method, comprising:

receiving an identifier for a Bluetooth Low Ener-
gy (BLE) device to locate in an environment
comprising a plurality of access points (APs);
identifying a first AP of the plurality of APs com-
municating with the BLE device at a first power
level;
instructing, using the first AP, the BLE device to
increase a transmission power level of the BLE
device until a threshold number of APs of the
plurality of APs, including the first AP, receive
communications from the BLE device;
receiving an RSSI value from each of the thresh-
old number of APs based on the communica-
tions from the BLE device; and
computing a location of the BLE device in the
environment based on the RSSI values.

2. The method of claim 1, wherein instructing the BLE
device to increase a transmission power level com-
prises instructing, using the first AP, the BLE device
to increase the transmission power level of the BLE
device until:

the threshold number of APs of the plurality of
APs, including the first AP, receive the commu-
nications from the BLE device at a threshold RS-
SI value; or
the transmission power level of the BLE device
is equal to a maximum power level for the BLE
device, wherein optionally instructing the BLE
device comprises:

generating an instruction to the BLE device
to increment the transmission power level
of the BLE device by an increment amount;
detecting a number of APs of the plurality
of APs that report receipt of the communi-
cations from the BLE device at an incre-
mented transmission power level; and
comparing the incremented transmission
power level of the BLE device to the maxi-
mum power level for the BLE device, until:

the number of APs that report receipt
is equal to or exceeds the threshold
number of APs; and
the incremented transmission power
level is equal to a maximum power level
for the BLE device.

3. The method of any preceding claim, wherein the RS-
SI value received from each of the threshold number
of APs is measured based on a communication re-
ceived by each of the threshold number of APs trans-
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mitted by the BLE device at the transmission power
level, optionally wherein each of the RSSI values is
greater than or equal to a threshold RSSI value.

4. The method of any preceding claim, further compris-
ing identifying a maximum power level of the BLE
device based on a registration information of the BLE
device.

5. The method of any preceding claim, wherein gener-
ating instructions to the BLE device comprises:

generating an instruction to the BLE device to
increase the transmission power level of the BLE
device to a predetermined transmission power
level; and
detecting a number of APs of the plurality of APs
that report receipt of the communications from
the BLE device at the predetermined transmis-
sion power level.

6. The method of any preceding claim, further compris-
ing generating additional instructions to the BLE de-
vice to reset the transmission power level to the first
power level after the location of the BLE device is
computed.

7. A wireless controller, comprising one or more proc-
essors and a memory storing instructions that, when
executed by the one or more processors, cause the
wireless controller to perform an operation, the op-
eration comprising:

receiving a request to locate a Bluetooth low en-
ergy (BLE) device in an area;
identifying a first access point (AP) that is com-
municating with the BLE device while the BLE
device is transmitting at a first power level;
instructing, via the first AP, the BLE device to
increase a transmission power level of the BLE
device until a threshold number of APs, including
the first AP, receive communications from the
BLE device; and
computing a location of the BLE device in the
area based on the communications.

8. The wireless controller of claim 8, wherein instructing
the BLE device to increase a transmission power
level comprises instructing, using the first AP, the
BLE device to increase the transmission power level
of the BLE device until:

the threshold number of APs, including the first
AP, receive the communications from the BLE
device at a threshold RSSI value; or
the transmission power level of the BLE device
is equal to a maximum power level for the BLE
device optionally wherein instructing the BLE

device comprises:

generating an instruction to the BLE device
to increment the transmission power level
of the BLE device by an increment amount;
detecting a number of APs that report re-
ceipt of the communications from the BLE
device at an incremented transmission
power level; and
comparing the incremented transmission
power level of the BLE device to the maxi-
mum power level for the BLE device, until:

the number of APs that report receipt
is equal to or exceeds the threshold
number of APs; and
the incremented transmission power
level is equal to a maximum power level
for the BLE device.

9. The method of claim 1 or the wireless controller of
claim 7, wherein the threshold number of APs is four
APs.

10. The wireless controller of any of claim 7 to claim 9,
wherein an RSSI value received from each of the
threshold number of APs is measured based on a
communication received by each of the threshold
number of APs transmitted by the BLE device at the
transmission power level, optionally wherein each of
the RSSI values is greater than or equal to a thresh-
old RSSI value.

11. The wireless controller of any of claim 7 to claim 10,
further comprising identifying a maximum power lev-
el of the BLE device based on a registration infor-
mation of the BLE device, optionally further compris-
ing generating additional instructions to the BLE de-
vice to reset the transmission power level to the first
power level after the location of the BLE device is
computed.

12. The wireless controller of any of claim 7 to claim 11,
wherein generating instructions to the BLE device
comprises:

generating an instruction to the BLE device to
increase the transmission power level of the BLE
device to a predetermined transmission power
level; and
detecting a number of APs that report receipt of
the communications from the BLE device at the
predetermined transmission power level.

13. A Bluetooth Low Energy (BLE) device, comprising
one or more processors and a memory storing in-
structions that, when executed by the one or more
processors, cause the BLE device to perform an op-
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eration, the operation comprising:

communicating with a first access point (AP) at
a first transmission power level;
receiving an instruction from the first AP to in-
crease a transmission power level until a thresh-
old number of APs, including the first AP, receive
communications from the BLE device, wherein
the communications are used to identify a loca-
tion of the BLE device; and
increasing the transmission power level until the
threshold number of APs, including the first AP,
receive the communications from the BLE de-
vice and the location of the BLE device is iden-
tified.

14. The BLE device of claim 13, further comprising:

receiving an instruction from the one of the
threshold number of APs to incrementally de-
crease the transmission power level to the first
transmission power level; and
incrementally decreasing the transmission pow-
er level to the first transmission power level after
the location of the BLE device is computed.
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